PURPOSE
The aim of this study was to determine the value of measuring common extensor tendon (CET) thickness at the radiocapitellar and capitellar regions with qualitative ultrasonographic findings in the diagnosis of lateral elbow tendinopathy.
MATERIALS AND METHODS
The study included 164 lateral elbow tendinopathy patients (84 bilateral, 80 unilateral) matched by age, gender, and body mass index with 80 normal subjects. CET was examined using gray-scale and Doppler ultrasonography for tendinopathy, and tendon thickness was measured at two landmark locations: capitellar and radiocapitellar.
RESULTS
In tendinopathy, tendon thickness including the dominant capitellar region, increased in every measured location. In the capitellar region of the dominant elbow, the cut-off thickness was 5.15 mm, and in the radiocapitellar region, this value was 4.05 mm. For the non-dominant elbow, the cut-off thickness was 4.61 mm, whereas in the radiocapitellar region, this value was 3.51 mm. The greatest risk of tendinopathy was at the radiocapitellar region on the dominant side. The overall sensitivity and specificity of gray-scale findings were 54% and 88%, respectively, and the addition of Doppler readings did not alter these values. When capitellar measurements were added, the values increased to 79% and 80% for sensitivity and specificity, respectively. These values further increased to 93% and 91%, respectively, when radiocapitellar measurements were included. CONCLUSION A second tendon thickness measurement at the radiocapitellar region of CET in addition to the capitellar region is recommended on the grounds that combined qualitative and quantitative evaluation of CET increases the diagnostic performance of ultrasonography in lateral elbow tendinopathy.
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© Turkish Society of Radiology 2012 L ateral elbow tendinopathy (LET) is a clinical entity known as "tennis elbow," which presents with pain due to the overuse of the common extensor tendon (CET). LET has mistakenly been referred to as lateral epicondylitis (1) . LET diagnosis is often made by physical examination on a clinical basis, and imaging is rarely needed; however, in cases where conservative treatment methods fail due to the advanced disease stage or the presence of additional pathologies, imaging may be needed to assess the level of impairment, plan treatment strategies, or guide surgery (2) .
Ultrasonography (US) is a valuable imaging method in LET. Gray-scale US and Doppler findings in LET have been previously described in detail (1-7). Some authors have argued for the diagnostic value of tendon thickness and area at the capitellar region over quantitative methods of diagnosis (5, 7). Yet, there are controversial topics related to the diagnosis of LET, such as the presence of asymptomatic patients despite US findings of tendinosis (hypoechogenicity heterogeneity) (1, 4, 8) . This decreases the specificity of qualitative US findings. Another controversial topic is the claim that the addition of Doppler findings increases the accuracy of diagnosis in chronic LET (4). Unfortunately, neovascularization, as identified by previous studies, is not a common finding in chronic tendinopathies (5) but is often reported in acute cases (9, 10) . Finally, in a study that measured the capitellar tendon thickness/area, thickness/area and specificity increased, but sensitivity decreased (7) . This suggests that a potential increase in false-negative cases is possible. Thus, in cases in which increased tendon thickness is not sufficient for assessment, the measurement of capitellar tendon thickness may not be of value. Therefore new criteria are needed to increase the accuracy of US. In light of the above-mentioned concerns, we aimed to study the overall combined accuracy and diagnostic value of qualitative US findings combined with capitellar and radiocapitellar tendon-thickness measurements in LET.
Material and methods
Written consent was obtained from all patients, and the study was approved by the Institutional Review Board. The group of patients with LET (the study group) was assessed by a doctor qualified in physical treatment and rehabilitation. Pathologies such as entrapment of the radiocapitellar joint, intra-articular body, and posterior rotator disability that were included in the differential diagnosis of LET were ruled out. Clinical diagnosis of LET was regarded as the reference standard (11) . Tenderness on the lateral epicondyle, pain aggravation by extension, and radial deviation of the wrist were considered positive for LET. Those who had received steroid injections within three weeks prior to the study, and those with surgery or acute trauma were excluded from the study (12) . 
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Ultrasonography
US examination (General Electric Medical
Systems, Milwaukee, Wisconsin, USA) was performed on the same day as the physical examination with linear 12-MHz (10-14 MHz) probes in real time. A standard technique outlined by the European Society of Musculoskeletal Radiology US Subcommittee was followed for all elbow testing (13) . Briefly, the lateral aspect of the elbow is examined with both elbows in extension, thumbs up, palms of the hands together or with the elbow in flexion. The CET is visualized along its long axis based on coronal planes, with the cranial edge of the probe placed on the lateral epicondyle. Studies were performed by a radiologist with five years of experience in musculoskeletal US imaging.
Tendon hyper/hypoechogenicity was considered as tendinosis, and loss of fibrillary continuity as a tear (if within the tendon, as intrasubstantial), and echogenicity with acoustic shadowing within the tendon was referred to as calcification. Enthesophytes within the region of the tendon insertion and any irregularities of the bony surface were regarded as bony degeneration, and the presence of fluid along the tendon was regarded as effusion. Power Doppler was utilized for Doppler examinations. New vessel formation thicker than 1 mm within or near the CET was accepted as neovascularization.
CET was imaged in the long axis and angled so that the entire tendon length was optimally visualized. Care was taken to avoid probe compression during all measurements so as to not interfere with measurements of tendon thickness. CET thickness measurements were made at two locations: the deepest point of the capitellum (called the capitellar part) and the mid-point of the radiocapitellar joint (referred to as the radiocapitellar part) (Figs. 1 and 2 ).
Statistical analysis
Data analysis was carried out using a commercially available software (Statistical Package for Social Sciences, SPSS Inc., Chicago, Illinois, USA). If the distribution was normal within the groups, a t test was used. If the distribution was not normal, the MannWhitney U test was used. Comparisons between groups on categorical variables were made using the chi-square test. The Spearman correlation test was used to determine whether the relationship between two continuous variables was statistically significant. To calculate the cut-off value discriminating normal from abnormal tendon thickness, the area under the receiver operating characteristic curve was used. Depending on the cut-off value differentiating the normal from the abnormal tendon thicknesses, the odds ratio (OR) was calculated for tendinosis. Analysis of variance was used to determine whether the differences at the two measurement locations differed from each other. The Wilcoxon signed-rank test was employed to study the differences in thicknesses between the dominant and non-dominant sides. To include clinical diagnosis as a The control group was formed from volunteers who worked in the hospital and who had no elbow complaints, history of trauma, inflammatory arthritis, or abnormality related to the elbow.
The study included 164 patients (84 bilateral, 80 unilateral). A total of 104 non-dominant, and 144 dominant elbows were examined. Fifty females and 34 males were examined bilaterally, and 60 females and 20 males received unilateral examination. Elbows not examined were not included in the study.
The control group consisted of 80 people (50 females and 30 males), all of whom were examined bilaterally. Elbow dominance was indicated during the examination. Common extensor tendon thickness measurements at the radiocapitellar region • iii reference, for each US finding, the sensitivity, specificity, and accuracy were calculated. Sensitivity and specificity values were determined using the 2×2 table. The confidence interval (CI) was 95%, and P < 0.05 was considered statistically significant.
Results
The patients and the control group were matched based on age and gender. The mean age of the control group was 39 years (range, 17-71 years), and the mean age of the study group was 43 years (range, 19-66 years). Tendon thickness in the study group was increased bilaterally at both measurement points on each side. The increase was more pronounced on the dominant side and in the capitellar region (Table 1 ). In the control group, tendon thickness was greater on the dominant side in both locations (P < 0.001). In the dominant elbow, the tendon thickness increased with body mass index (BMI) (P < 0.001), whereas thickness on the non-dominant side was not related to BMI (P = 0.018 for capitellar region; P = 0.032 for radiocapitellar region; P > 0.25 with Bonferroni correction), suggesting that the dominant side was affected by body shape, height, and BMI.
Cut-off values and ORs were calculated for each measurement location to differentiate tendinopathy from normal tendon. In the capitellar region of the dominant elbow, the cut-off thickness was 5.15 mm (OR=3.844, 95% CI=1.78-8.31); in the radiocapitellar region this value was 4.05 mm (OR=4.783, 95% CI=1.79-12.76). In the capitellar region of the non-dominant elbow, the cut-off thickness was 4.61 mm (OR=2.140, 95% CI=1.00-4.54), whereas in the radiocapitellar region, this value was 3.51 mm (OR=2.200, 95% CI=1.05-4.65). The greatest risk was in the radiocapitellar region of the dominant side.
Tears, effusions, and neovascularization were detected in 35%, 27%, and 19% of the involved elbows, respectively, with 100% specificity. Tendinosis, bony degeneration, and tendon calcification were detected in both involved and non-involved elbows, whereas tendinosis was detected in 12% of the non-involved and 54% of the involved elbows. Bony degeneration was detected in 9% of the non-involved and 55% of the involved elbows, and tendon calcification in 1% of the noninvolved and 31% of involved elbows.
In Table 2 , the qualitative and quantitative US findings and their diagnostic values are presented. Gray-scale findings alone had 54% sensitivity, 88% specificity, and 73% accuracy. Despite Doppler findings of 100% specificity, their sensitivity value was so low (19%) that their combination with gray-scale findings did not increase the overall diagnostic performance compared with gray-scale findings alone. There was only a negligible increase in accuracy values only; combined gray-scale and Doppler showed sensitivity of 54%, specificity of 88%, and accuracy of 72%.
Thickness measurements alone were not as accurate as the gray-scale US exam. Accuracy for capitellar region thickness was 67%, whereas accuracy for radiocapitellar thickness was 63%, compared to an accuracy of 70% with gray-scale findings. However, when thickness measurements were combined with gray-scale and Doppler findings, the overall sensitivity, specificity, and accuracy of the examination increased considerably. The addition of capitellar measurement alone increased the sensitivity, specificity, and accuracy to 79%, 80%, and 80%, respectively. When all measures were combined, the overall sensitivity, specificity, and accuracy values were 93%, 91%, and 92%, respectively.
Discussion
Although clinical findings are still considered the gold standard in LET, US has gained ground in the diagnosis and follow-up (1-7). However, because of high rates of false positives and negatives, US lags behind the clinical findings in the diagnosis of LET.
The first problem raised by US is the presence of hypoechogenicity and heterogeneity in the tendon, which imply tendinosis in a robust tendon (1, 4, 8) . Thus, in the present study and in the study by du Toit et al., (4) the presence of findings suggestive of tendinosis were noted in 12% and 10.7% of noninvolved tendons, respectively. Bone degeneration was noted in 9% of noninvolved tendons, and calcification was seen in 1%. Consistent with other studies, tears, effusions, and neovascularization were detected in a small number of involved tendons (4, 7) . Therefore, the performance of gray-scale US findings do not provide the overall pathology picture. The sensitivity and specificity of overall gray-scale US findings in this study and in the studies by du Toit et al. (4) and Lee at al. (7) were 54% and 88%, 81% and 63%, and 76.5% and 76.2%, respectively, suggesting that neither sensitivity nor specificity is entirely satisfactory in terms of the diagnosis and usefulness in planning intervention. Gray-scale findings are important for practical decision making. Although LET is a clinical entity, US can confirm a diagnosis, reveal the extent and severity of the disease, identify associated abnormalities, and aid in preoperative planning. The detection of partialcomplete tears or complications may change the management protocols and may encourage the physician to direct the patient from conservative treatment to interventional approaches, such as surgery and medication, as this type of injury will likely respond favorably to aggressive approaches (12) .
One previously mentioned problem with this analysis is the suggestion that including Doppler findings can improve the accuracy rates of the examination (4). Neovascularity was not a common finding in LET, which is itself a chronic tendinopathy (5). In our study, neovascularization was detected in only 19% of LET cases. Further, neovascularization was reported to be a finding of acute, rather than chronic tendinopathy (9, 10) . In the present study and in the study by du Toit et al., (4) the sensitivity and specificity of Doppler examinations were 19%-100% and 81%-98%, respectively (4). The addition of gray-scale Doppler findings in the study by du Toit et al. (4) increased the sensitivity to 97% and decreased the specificity to 63%. Interestingly, in the present study, the addition of Doppler findings to the gray-scale findings did not change the overall sensitivity or specificity. Therefore, the inclusion of Doppler findings to the US exam may not be needed.
Some quantitative evaluation methods, such as the measurement of thickness and area, were attempted in an effort to enhance the diagnostic accuracy of US in LET because of the inadequacy of qualitative US criteria (4, 5, 7). Jaén-Díaz et al. (5) did not evaluate the diagnostic accuracy of the thickness measurements. Lee et al. (7) and du Toit et al. (4) made measurements form the capitellar region only. In the study by du Toit et al., (4) when tendon thickness measurements were included with gray-scale findings, the sensitivity and specificity were 72% and 52%, respectively; however, sensitivity and specificity for the thickness measurements alone were not calculated. In the study by Lee at al., (7) if the area of the tendon was larger than 35 mm 2 and if thickness was greater than 4.5 mm, the sensitivity and specificity were 76.5% and 88.9%, and 62.75% and 98.41%, respectively. As thickness or area increased, the specificity increased and sensitivity decreased. Therefore, tendinopathies having an insufficient increase in tendon thickness could be missed, resulting in increased false-negative findings. In that study, the inputs of qualitative and quantitative methods were presented separately, but the overall contributions of each to the diagnosis were not explained (7) . In the present study, however, the sensitivity and specificity of both capitellar and radiocapitellar measurements were calculated, and their impact on qualitative methods were calculated separately. The sensitivity of these measurements on their own was low (capitellar 52%, radiocapitellar 38%). If only capitellar measurements were added to the qualitative methods, the sensitivity and specificity increased from 54% and 88% to 79% and 80%, respectively, which is consistent with Lee et al. (7) and du Toit et al. (4) . Similarly, if radiocapitellar measurements were added, the sensitivity and specificity increased further to 93% and 91%. Thus, the addition of two measurements to qualitative findings consistently leads to better results than the addition of only one.
Sonoelastographic examinations of elbows with LET were reported, and the sensitivity, specificity, and accuracy were 100%, 89%, and 89%, respectively (14) . The diagnostic accuracy of that research was similar to that of the present study. Furthermore, elastography is expensive and not as widespread or conventional as US, and the standards are not yet as well established. Therefore, at present, the use of elastography in the diagnosis of LET is not indicated.
Our study was not without limitations. The use of clinical diagnosis of LET is one of these limitations. However, the diagnosis of LET is commonly made on clinical grounds, and all previous studies have used clinical diagnosis as references (1-7) . Radiologists may fall into subjectivity on US analyses, and the addition of inter-reader comparisons may have been useful. However, inter-reader comparisons on thickness measurements were reported to be satisfactory in the study by Lee at al. (7); therefore single measurement was considered sufficient.
As a conclusion, during the evaluation of LET with US, the addition of tendon thickness measurements at the capitellar and radiocapitellar regions to gray-scale findings is recommended, given the resulting increase in overall diagnostic performance. Increased thickness correlates with changes in tendinosis, and increased thickness in the dominant arm has more diagnostic validity. Care should be taken to detect gray-scale findings in complications of LET, such as tears and effusions, as these findings may alter the treatment protocol.
